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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to oph- 
thalmic Instruments and. more particularly, to an 
ophthalmic aspirator-irrigator useful during ex- 
tracapsular cataract surgery. 

2. The Prior Art 

Extracapsular cataract surgery Involves the 
break-up and removal of the cortex of the cataract 
and other tissue from the eye by an aspirator 
Instrument and the continuous substitution of fluids 
back into the eye to maintain appropriate internal 
pressure therein test it collapses. Extracapsular 
cataract surgery is typically performed with small 
and delicate manually operated hand-held instru- 
ments viewed through a microscope. The precision 
and delicateness with which ophthalmic surgery is 
performed requires very durable precision instru- 
ments. A great variety of such precision Instru- 
ments are presently in use. One such instrument 
employs a pulsating high velocity liquid jet to dis- 
integrate the cortex and removing by suction the 
fluid entraining the disintegrated tissue. See U.S. 
Patent 3,930,505. Another instrument uses a pair of 
jaws for engaging the cortex and removing portions 
thereof by moving the jaws relative to one another. 
See U.S. Patent 3,996,935. A further instrument 
involves one blade surface rotating relative to an- 
other. See U.S. Patent 4,167,943. Another Instru- 
ment includes a rotating stylus, a fluid source for 
washing away cut tissue and a vacuum tube for 
removing slurry consisting of the cut tissue and 
washing fluid. See U.S. Patent 4,320.761. A still 
further instrument uses a handpiece with an ultra- 
sonic motor for driving a needle, Including a cutting 
tube mounted within a needle, with Irrigation and 
aspiration also provided. See U.S. Patent 
4,428,748. Another instrument discloses an auto- 
matically operated device, which can be held and 
operated in one hand by the user and which does 
not utilize long tubing In operation and. wherein the 
controls are mounted on the handpiece itself. See 
U.S. Patent 4,508,532. As observed in this Patent 
No. 4,508.532, and in US-A-4428 748. the pumps 
are connected to the aspiration cannula by long 
flexible tubing. Such connection can cause fluc- 
tuations in the aspiration pressures and time delays 
in the operation of the instruments. 



SUMMARY OF THE INVENTION 

It is a principal object of the present invention 
to overcome the disadvantages of prior art devices 

s by providing an improved ophthalmic aspirator-tr- 
rigator system particularly for use during ex- 
tracapsular cataract surgery. 

More specifically, it is an object of the present 
invention to provide an ophthalmic aspirator-irriga- 

io tor system particularly adapted for use during ex- 
tracapsular cataract surgery and essentially com- 
prising a hand held device (12) with a cannula (14) 
having an axial channel (50) and a surrounding 
annular channel (56). a source of fluid (30) con- 

is nected via a flexible tube (32) to said annular 
channel (56) and a foot-operable control means 
(20) for controlling the operation of a drive means 
(18) characterized by a pressure-differential creat- 
ing means (16) connected to said axial channel 

20 (50) and driven by said drive means (18), said foot- 
operable control means (20) provided with a pedal 
(24) a power source (100), a circuit (102) con- 
nected to said source and a socket (42) coupled to 
said circuit (102), a flexible power cord (22) having 

25 a plug (44) designed to be connected to said 
socket (42) for coupling power from said power 
source (100) to said drive means (18). and a con- 
tainer (40(a)(b)) for maintaining said cannula (14) 
and said pressure-differential creating means (16) 

30 in a sterile condition. 

Other objects of the present invention will in 
part be obvious and will in part appear hereinafter. 

The invention accordingly comprises the oph- 
thalmic aspirator-lrrigator of the present disclosure, 

as its components, parts and their interrelationships, 
the scope of which will be indicated in the appen- 
ded claims. 



40 Brief Description of the Drawings 

For a fuller understanding of the nature and 
objects of the present invention, reference is to be 
made to the following detailed description, which is 
45 to be taken in connection with the accompanying 
drawings, wherein: 

FIG. 1 Is a perspective explosive view, partly in 
section, of an ophthalmic aspirator-irrigator instru- 
ment constructed in accordance with the present 
so invention; 

FIG. 2 is a longitudinal elevation, partly In sec- 
tion, of control means for operating the ophthalmic 
aspirator-lrrigator Instrument of FIG. 1; 

FIG. 3 is a perspective view of one part of a 
55 modified ophthalmic aspirator-lrrigator instrument 
according to the invention; 

FIG. 4 Is a perspective view of another part of 
the modified ophthalmic aspirator-irrigator Instru- 



2 



3 



EP 0 253 478 B1 



4 



ment; 

FIG. 5 is a perspective view illustrating the 
operative use of the modified ophthalmic asplrator- 
Irrlgator Instrument according to FIGS. 3 and 4; 

FIG. 6 is a perspective view of an adjustable 
stand carrying a source of fluid; 

FIG. 7 is a fragmentary section of an eye and 
illustrates the use of the ophthalmic aspirator-ir- 
rigator instrument of FIG. 1 during cataract surgery; 

FIG. 8 is an enlarged perspective of the tip of a 
part of the ophthalmic aspirator-irrigator instrument 
of FIG. 1: 

FIG. 9 is a plan view, partly In section, of the 
control means of FIG. 2; 

FIG. 10 is a fragmentary plan view, on an 
enlarged scale, of the control means of FIGS. 2; 

FIG. 11 is an elevation, partly in section, along 
the line 11-11 of FIG. 10: 

FIG. 12 Is a block diagram of a control circuit 
for the operation of the ophthalmic aspirator-ir- 
rigator instrument according to the invention; 

FIG. 13 is a schematic diagram of the control 
circuit for the operation of the ophthalmic aspirator- 
irrigator instrument according to the invention; 

FIG. 14 Is a perspective explosive view of 
another embodiment of an ophthalmic aspirator- 
irrigator Instrument constructed In accordance with 
the present invention; 

FIG. 15 Is a longitudinal section, partly in ele- 
vation, of a portion of the ophthalmic aspirator- 
irrigator Instrument of FIG. 14; 

FIG. 16 is a graph useful in the understanding 
of the operation of the ophthalmic aspirator-irrigator 
Instrument according to the invention; 

FIG. 17 is a perspective view, on an enlarged 
scale, of an operative part of the control means 
shown in FIGS. 2, 10 and 11; and 

FIG. 18 Is a perspective view of a revised 
component part of the ophthalmic aspirator-irraga- 
tor instrument illustrated in FIGS. 14 and 15. 



Detailed Description of the Preferred Embodiments 

The illustrated preferred embodiments of an 
ophthalmic aspirator-irrigator system constructed in 
accordance with the present invention have been 
designed for use during extracapsular cataract sur- 
gery both to remove the cortex of the cataract and 
to provide an infusion of replacement fluid to main- 
tain appropriate internal pressure in the anterior 
segment of the eye. 



The Embodiment of FIGS. 1 and 2. 

The ophthalmic aspirator-irrigator Instrument 10 
essentially comprises a hand-held device 12. con- 



trol means 20 and a flexible power cord 22 cou- 
pling the control means 20 to the device 12. The 
control means 20 Is portable and is provided with a 
foot pedal 24. The foot pedal 24 represents a 

s single control input to the instrument 10. freeing 
thus both hands of the surgeon for the operative 
tasks In front of him. The foot pedal 24 is designed 
to travel through an arc 26 of displacement The 
position of the pedal 24 along this arc 26 of dis- 

w placement controls both the speed and the aspira- 
tion or ejection functions of the device 12, as will 
be more evident from below. 

The hand-held device 12 Includes a cannula 
14; and a housing 13 Including a pressure-differen- 

75 tial creating means 16 operatively connected to the 
cannula 14, and drive means 18 to drive the 
pressure-differential creating means 16. Preferably, 
the pressure-differential creating means 16 com- 
prises a perfstaltic pump rotated by a shaft 17. and 

20 having a flexible tubing 28 wound about it and held 
in place by a tube retaining member 19. One end 
of the tubing 28 is connected to a connecting 
member 66, and the other to a collection pouch 21. 
note FIG. 5. Preferably, the collection pouch 21 is 

25 clamped to a surgical drape 23. by a clamp 25, 
near an operative site 27. 

The housing 13 preferably is formed, as for 
instance by injection forming in a die. of a suitable 
hard plastic material, such as polycarbonate or the 

so like. The housing 13 essentially is formed of a 
hollow main frusto-conical section 15a. The main 
section 15a, in addition to accommodating the 
drive means 18 within its hollow interior, is glued or 
otherwise secured to a heavier section 15b. Section 

35 15b is designed in its rear removably to mount the 
tube retaining member 19 thereto, with the aid of a 
clamp assembly 29. Clamp assembly 29, prefer- 
ably formed of a suitable metal, comprises a U- 
shaped clamp 31, designed to pivot about a pair of 

40 mounting pins 33 formed on the housing 13, and a 
fastening member 35. designed to bear down and 
to hold the tube retaining member 19 in place, as 
shown. If either the drive means 18 or the thereby 
driven persistaltic pump 16 needs servicing or the 

45 flexible silicone tubing 28 needs to be replaced, 
the fastening member 35 is loosened until the 
clamp 31 can be pivoted, in the direction of the 
arrow, out of engagement with the tube retaining 
member 19. Member 19 can then be removed, 

so exposing thereby the pump 16 and the tubing 28. 

The main frusto-conical section 15a Is formed 
at its front center with an axial tubular opening 37 
designed frictionally to accommodate therein the 
connecting member 66. Member 68 is provided 

55 with an elbow 66a and an axial passage 66b com- 
municating therewith. The elbow 66a is designed 
removably to secure one end of the tubing 28 
thereto. The main frusto-conical section 15a fur- 
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thermore is preferably provided with a pair of lon- 
gitudinal channels 15c designed respectively and 
removably to secure therein portions of the flexible 
tubings, as Illustrated with reference to the tubing 
28 being partially wedged In one of the channels 
15c. 

A source of fluid 30. preferably an Inverted 
plastic bottle filled with saline solution, is con- 
nected via a flexible tube 32 to the cannula 14, 
observe FIG. 6. The bottle 30 preferably Is hung, 
as known, on a vertically adjustable stand 34 so as 
to ailow for the gravity-feeding of the fluid via the 
cannula 14 into the eye. A clamp 36 and an appro- 
priate filter 38 preferably are incorporated In the 
tube 32. 

Preferably, both the cannula 14 and the hous- 
ing 13 containing the pressure-differential creating 
means 16 are enclosed in a suitable container to 
maintain the same in sterile condition. The con- 
tainer can be a single container, formed of a semi- 
rigid transparent plastic material, or it can comprise 
two separate containers as shown: container 40a, 
preferably formed of a semi-rigid transparent plas- 
tic material and, container 40b, preferably formed 
of a flexible yet strong transparent plastic material. 

Following use, the hand-held device 12, Includ- 
ing both the cannula 14 and the thereto attached 
power cord 22, all of which are autoclavable, pref- 
erably are sterilized before any reuse. Sterilization 
may be effected In an autoclave, by gamma ster- 
ilization or by ETO. On the other hand, the flexible 
tubings 28 and 32, designed for single use only, 
together with the pouch 21, preferably are dis- 
carded after operative use and replaced with sterile 
tubings immediately before operative re-use of the 
the instrument 10. 

The control box 20 is provided with a jack 42 
to receive a plug 44 carried by the free end of the 
flexible power cord 22. It is to be noted that cord 
22 is but a power cord, carrying but an electrical 
signal, it Is not a long tubing connecting the can- 
nula 14 to a distant pump for creating the required 
negative aspiration pressures, as is the case in 
some prior art devices, which can cause fluctu- 
ations in the aspiration pressures and delays in the 
use of the instrument 

The cannula 14 essentially comprises two 
parts: a hollow cone 46 and a needle 48 concen- 
trically extending therefrom. The needle 48 Is 
formed with a central channel 50, which is in fluid 
communication with the hollow cone 46 at one end 
and terminates in an aspiration port 52 and a 
rounded end 53 near a tapered portion 54 of the 
needle 48, note FIGS. 1 and 8. An annular channel 
56 surrounds the central channel 50 and Is in fluid 
communication with a hollow arm 58 at one end, 
and terminating in a pair of irrigation channels 60, 
also in the tapered portion 54 of the needle 48 but 



offset from the aspiration port 52 and at right 
angles thereto, as may be best observed In FIG. 8. 
The hollow arm 58 preferably is formed integral 
with the hollow cone 46 of the cannula 14. The 

s cannula 14 can be formed of a suitable metal, such 
as stainless steel, or It may be formed as by 
Injection forming or compression molding of a suit- 
able plastic material, such as polypropylene, In a 
suitable mold (not shown) in which the needle 48 

to had been Inserted previously. The needle 48, how- 
ever, preferably is made of metal, such as stainless 
steel. The hollow cone 46 of the cannula 14 Is. of 
course, designed to fit snugly about the front 
frusto-conical end of the connecting member 66. 

is The pressure-differential creating means 16, 
whose function Is to create a pressure-differential 
within the central channel 50 of the cannula 14, 
preferably comprises a persistaltic pump. The 
pressure-differential created by the pump 16 Is with 

20 respect to ambient, and can be either a positive or 
a negative pressure emanating from the aspiration 
port 52, depending on how it is driven by the drive 
means 18. 

With the hollow cone 46 of the cannula 14 In 

25 place over the frusto-conical shaped end of the 
connecting member 66, the central channel 50 of 
the cannula 14 is In fluid-communication with the 
flexible tubing 28. Rotation of the drive shaft 17 
and thereby of the peristaltic pump 16 clockwise 

30 creates a positive pressure within the central chan- 
nel 50 of the cannula 14, causing whatever may be 
within the channel 50 or the aspiration port 52 (be 
It air, liquid or slurry) to be ejected therefrom via 
the aspiration port 52. Conversely, rotation of the 

35 shaft .17 and of the pump 16 counter-clockwise 
creates a negative pressure within the central chan- 
nel 50 of the cannula 14, causing the cannula 14 to 
aspirate via the aspiration port 52 whatever may be 
in the vicinity of the aspiration port 52. The drive 

40 means 18 for driving the pressure-differential creat- 
ing means 16 essentially comprises a DC micro- 
motor 62, a gear head 64, and the drive shaft 17. 

The foot-operable control unit 20, as illustrated 
in FIGS. 2, 9, 10 and 11, in addition to the pedal 

45 24, further is provided with a power source 100, 
preferably comprising a six volt DC battery pack, 
and a control circuitry 102 connected to the power 
source 100 and to the jack 42. The unit 20 also can 
be operated via a 110 VAC power source, with the 

so aid of a transformer and rectifier, not shown. Con- 
trol of the circuitry 102 Is effected via a potentiom- 
eter 104. The potentiometer's 104 electrical posi- 
tion, hence its wiper voltage, Is controlled by and Is 
linearly proportional to the position of the pedal 24 

65 along its arc of displacement 26 about a fulcrum 
27. The pedal's 24 position along the arc of dis- 
placement 26 Is transmitted to the potentiometer 
104 via a link 106 and a sliding member 108. 
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The potentiometer 104 may be of the conven- 
tional type. Preferably however, It comprises a lin- 
ear motion slide-type potentiometer as best Illus- 
trated In FIGS. 10 and 17. The liner motion slide- 
type potentiometer 104 is provided with a slldable 5 
actuating arm" 110, designed to be axially displaced 
substantially along the axial length of the poten- 
tiometer 104. The actuating arm 110 is, in turn, 
caused to be axially displaced by a drive pin 112, 
secured to the sliding member 108. 10 

The foot-operable control unit 20 essentially 
comprises the foot pedal 24 and a control box 70 
provided with a pair of ears 72 whose bores serve 
as the fulcrum 27 for the foot pedal 24. The foot 
pedal 24 in turn is formed with a pair of pins 74 is 
rotatably mounted within the bores. The underside 
of the control box 70 preferably is provided with a 
non-skid surface and/or a plastic or rubber mat 
Preferably, both the foot pedal 24 and the control 
box 70 are formed of a suitable light metal, such as 20 
aluminum. Preferably, the upper surface of the foot 
pedal 24 Is provided with a plurality of parallel ribs 
76 running lengthwise thereof, and with a semi- 
circular heel rest 78. Preferably, on an indented 
side surface plate 80 of the foot pedal 24, observe 25 
RGS. 2 and 9. there is provided a knob 82 and a 
pair of LED.'s 84 and 85, in addition to the pump 
power connect lack 42. Manual depression of the 
knob 82 will cause one of the LED.'s 84 or 85 to 
light up, indicating whether the batteries 100 are In so 
good working order or need to be replaced. The 
plate 80 is removably secured to the side of the 
foot pedal 24 by a screw 41. 

Axial motion and control of the actuating sliding 
member 108 within the control box 70 is facilitated 35 
by a pair of spring mounts 86 mounted astride a 
control circuitry 102, observe FIG. 10. The pair of 
spring mounts 86 are operatlvely connected to the 
actuating sliding member 108 by a bar member 88, 
observe FIGS. 10 and 1 1 . Axial displacement of the 40 
sliding member 108 from a position of rest to Its 
position, as illustrated in FIG. 10, against the force 
of the spring mounts 86. causes the corresponding 
axial displacement of the actuating arm 110 of the 
sliding potentiometer 104. The initial axial displace- 45 
ment of the actuating arm 110 also triggers a 
micro-switch 114, causing battery power to be ap- 
plied via the power cord 22 to the drive means 18. 

The potentiometer's 104 electrical position, I.e., 
its wiper voltage, also is controlled by and is lin- so 
early proportional to the position of the foot pedal 
24 along the pedal's arc of displacement 26. A 
layout of the control circuitry 102 is illustrated In 
FIG. 12 and a schematic of the circuitry 102 Is 
shown in FIG. 13. The operative DC voltage ap- 55 
plied to the DC motor 62 as a function of the 
pedal's 24 displacement from its shown, normally- 
off position in FIG. 2 and along the arc of displace- 



ment 26, is Illustrated In FIG. 16. 

As mentioned, the function of the circuitry 102 
is to provide both speed and direction control, I.e., 
clockwise or counter-clockwise, to the DC motor 
62, and that from a single control input I.e., the 
foot pedal 24. 



Operation of the Control Clrcultry-FIQS 12 and 13 

• Control circuitry 102 operates as follows. The 
power source 100 is connected to the circuitry 102 
via a power micro-switch 114 integral with the 
potentiometer 104, observe FIG. 12. When the ped- 
al 24 is in its shown horizontally rest position, (FIG. 
2), the power switch 114 Is off. hence no power is 
applied to the circuitry 102. When the pedal 24 is 
moved downward, (FIG. 16) power from the power 
source 100 Ts applied to the logic integrated cir- 
cuits IC1. IC2, and IC3 via a filter circuit comprised 
of resistor 116 and capacitor 118. In FIG. 13. note 
the point +V marked 120, which Is connected via 
leads, not shown to preserve clarity, to points also 
marked +V in the respective logic integrated cir- 
cuits and Identified by the reference characters 
122. 124 and 126. respectively. Further filtering Is 
provided by resistor 128 and capacitor 130 into a 
reference voltage regulator 132. The junction 134 
of resistor 128 and capacitor 130, marked 2.5 with- 
in a circle, also is connected electrically to one end 
of a resistor 136. whose other end Is connected to 
TP1 , and also to a mid point adjuster circuit 1 38. 

Wiper voltage from the potentiometer 104 is 
applied via lead 140 to the positive Input of a 
positive amplifier 142, IC2A, and to the negative 
input of a negative amplifier 144, IC2B. The refer- 
ence Inputs to these amplifiers 142 and 144 are 
tied to a divider string 146 connected to the output 
of a voltage follower 148. IC2C, whose positive 
input is connected to the mid point adjuster circuit 
138. The mid point adjuster circuit 138. together 
with the voltage follower 148 and the divider string 
146, provide the proper offset voltages to the DC 
amplifiers 142 and 144 so that they will operate 
symmetrically about the center portion of travel of 
the pedal 24 along the arc 26. The outputs of the 
DC amplifiers 142 and 144 are respectively con- 
nected to the inputs of an electronic, switch 150, 
IC3A, an analog multiplexer. A control voltage also 
is applied to the electronic switch 150 at pin 11. 
Depending on the level of this control voltage, the 
electronic switch 150 selects one of the inputs, 
either from amplifier 142 or 144, to be coupled to 
the positive Input of a pulse-width modulated 
(PWM) gate circuit, IC2D. When a positive voltage 
Is sensed at the Input pin 12 of the PWM gate 152, 
its output at pin 14 will be high. This high output is 
then connected via another electronic switch 154. 
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1C3B, to a direction control switch 156, IC3C. Direc- 
tion control switch 156 determines whether the 
motor 84 Is caused to rotate clockwise or counter- 
clockwise. Depending on the level of the control 
voltage at pin 9, which voltage is the same as 
applied to pin 11 of switch 150 via a lead 158, only 
one of the switch's 156 two outputs at pins 3 or 5 
will be high at any one time. The outputs at pins 3 
or 5 are coupled to a transistor bridge circuit 160. 

A positive voltage appearing at the base of one 
of two input transistors 162 and 164 will cause its 
corresponding NPN transistor 166 and PNP transis- 
tor 168 if the former, and NPN transistor 170 and 
PNP transistor 172 if the latter, to saturate and 
apply motor voltage to the DC motor 84 in the 
proper polarity. One of two diodes 174 and 176 will 
sense this applied motor voltage, rectify it and 
direct it back via lead 178 and filter resistors 180 
and 182 to the negative input at pin 13 of the PWM 
gate 1 52 as feed-back control. The feed-back con- 
trol will shut down the outputs of the direction 
control switch 156 and consequently the applied 
motor voltage will also go to zero. This feedback 
process will repeat until the average feedback volt- 
age equals the Input control voltage at pin 9 of the 
switch 156. The duty cycle of the transistor bridge 
circuit 160 is thus changed and controlled by vary- 
ing the DC input control voltage at pin 9 of the 
switch 1 56. Short width pulses are evident at stow 
motor speeds and longer pulses prevail at higher 
motor speeds. The DC motor 62 itself senses only 
a filtered DC voltage however and, being an Induc- 
tive device, motor 62 provides a smooth, continu- 
ous rotational force to its drive shaft 88. 

The control pins 9 of switch 156 and 11 of 
switch 150 are connected together via the lead 158 
to the output at 8 of a comparator 184, IC1C. The 
positive input at 10 of the comparator 184 also is 
the wiper voltage generated by the potentiometer 
104 and carried by lead 140. The negative Input at 
9 of the comparator 184 is referenced to a voltage 
at TP2. which is adjusted by the mid point adjuster 
circuit 138 to equal the wiper voltage at mid travel 
of the slide-type potentiometer 104. When the wip- 
er voltage at the potentiometer 104 exceeds this 
mid travel voltage, the output of the comparator 
184 at pin 8 will go high, causing thereby the 
switches 150 and 156 to change states and the 
direction of rotation of the DC motor 84 will re- 
verse. 

A control voltage also is applied to the elec- 
tronic switch 154 at pin 10 thereof via lead 186. 
Lead 186 connects through diodes 188 and 190 to 
comparators 192 IC1A, and 194. IC1B, respec- 
tively. These comparators 192 and 194 are con- 
nected in a window detector configuration. The 
reference voltages Into the comparators 192 and 
194 at pins 3 and 6, respectively, are selected to 



be slightly above and slightly below the mid travel 
voltage. The wiper voltage at the potentiometer 104 
also is applied via the lead 140 to the connected 
inputs of the comparators 192 and 194 at pins 2 

6 and 5. respectively. When the wiper voltage Is 
within the selected range, the control voltage ap- 
plied to pin 10 of the electronic switch 154 will be 
low, causing thereby the switch 154 to connect to 
zero at pin 2 and assuring that the DC motor 62 

70 will be off. The electronic switch 154 thus prevents 
search pulses from the PWM gate 152 during this 
selected window range and provides a motor-off 
state for the DC motor 62 when the foot pedal 24 is 
in the center of Its downward travel along the arc 

is 26 of its displacement 

A battery test circuit 200 also is connected to 
the power source 100 via a battery test button 82. 
When button 82 is depressed, power from the 
■ source 100 Is applied to the test circuit 200 through 

20 a diode 204, to resistors 206 and 208, and to green 
and red LED's 210 and 212, respectively. Resistors 
206 and 214 divide the battery source 100 voltage 
in half and apply it to the positive input at pin 12 of 
a comparator amplifier 216, IC1D. The negative 

25 input at pin 13 of the comparator amplifier 216 Is 
tied to the reference voltage regulator 132, herein 
set at 2.500 volts. Consequently, if the battery 
source 100 voltage, herein set at 6 volts, drops 
below twice the 2.500 volts, i.e., below 5.000 volts, 

30 the output of the comparator amplifier 216 at pin 14 
will go low, turning on the red LED 212. Otherwise, 
the comparator 216 output at pin 14 will remain 
high, providing base current into an NPN transistor 
218 and turning the green LED 210 on. The resis- 

35 tor 208 simulates the drain of the DC motor 62 on 
the battery power source 100 during the test. 

In FIG. 16 Is illustrated a graph 220 plotting the 
DC voltage applied by the circuitry 102 of FIG. 13 
to drive the micro DC motor 62 during the down- 

40 ward displacement of the foot pedal 24 along the 
arc 26, as against a percentage of displacement 
along this arc 26. With the pedal 24 slightly de- 
pressed, the power switch 114 is closed and full 
DC power, herein positive six volts, Is applied to 

45 the DC motor 62 to drive it In full speed reverse, 
that Is clockwise. As a consequence, the peristaltic 
pump 16 will rotate rapidly clockwise, creating a 
positive ejaculatory pressure through the aspiration 
port 52 of the central channel 50 of the cannula 14. 

so As the pedal 24 progressively is more and more 
depressed, the applied voltage to the motor. 62 will 
fall, decreasing thereby the rotational speed of the 
pump 16. With the gradual decrease of the pump's 
16 speed, the magnitude of the positive ejaculatory 

ss pressure through the aspiration port 52 of the can- 
nula 14 also becomes less and less. With about 
40% downward displacement of the pedal 24 along 
the arc 26, a zero applied voltage to the motor 62 



6 



11 



EP 0 253 478 B1 



12 



Is achieved from a previous +2.1V, and the motor . 
62 and its drive shaft 17 will come to a full stop. As 
a result, the pump 16 also will cease rotating and 
no further ejaculatory pressure will be emanating 
from the port 52. The zero applied voltage con- s 
dition is maintained during a window through about 
60% In the downward travel of the pedal 24 along 
the arc 26. Further downward motion of the pedal 
24 first will apply a negative DC voltage slightly in 
excess of 2V to the motor 62. reversing its rotation to 
into a counter-clockwise direction but with a slow 
initial speed. As a result the pump 16 will begin 
slowly to rotate in a counter-clockwise direction, 
creating thereby a negative aspiratory pressure 
through the aspiration port 52 of the cannula 14. is 
With the further gradual depression of the pedal 
24, the negative applied voltage to the DC motor 
62 also is increased, progressively increasing 
thereby the speed of rotation of the pump 18. 
Consequently, the negative aspiratory pressure 20 
through the aspiration port 52 also is increased. 
With about 90% in the extent of the downward 
travel of the pedal 24 along the arc 26, almost 
maximum -6V is applied to the motor 62, bringing 
its rotational speed to the maximum. With the foot 25 
pedal 24 pressed all the way down {as shown in 
phantom lines In FIG. 2), maximum negative as- 
piration pressure is maintained through the aspira- 
tion port 52. 

Preferably, the control circuitry 102 further In- 50 
corporates a trigger circuit to trigger an audible 
signal producing means 222. note FIG. 10. Prefer- 
ably, the trigger circuit is so designed as to pro- 
duce one audible signal at the commencement of 
the aspiration through the aspiration port 52 and a 35 
second audible signal at the commencement of 
reflux (ejection) via the post 52 during the reverse 
motion of the front pedal 24 from the position 
shown in phantom lines to the rest position shown 
in solid lines in FIG. 2. Preferably, this signal 40 
producing means 222 is adjustable regarding the 
loudness of the signal emitted by it, as by the 
provision of a knob 224 designed for rotation about 
a limited arc of displacement 



The Embodiment of FIGS. 3. 4 and 5 

A modified ophthalmic aspirator-irrlgator instru- 
ment 230 is illustrated in FIGS. 3, 4 and 5. This 50 
modified instrument 230 essentially comprises a 
lighter hand-held piece 232 than the device 12, 
illustrated In FIG. 4. and a shortened drive section 
234, illustrated in FIG. 3. However, the modified 
Instrument 230 also is powered by and operated ss 
from the same control means 20 of FIG. 2 and with 
the aid of the same control circuitry 102 described 
with reference to FIGS. 12 and 13 above. 



The light hand-held piece 232 of this modified 
Instrument 230 comprises a hollow tubular housing 
236. preferably formed of a rigid or semi-rigid 
plastic material, a cannula 238 and a pair of flexible 
tubes 240 and 242. The cannula 238 can be 
formed exactly the same as the cannula 14 shown 
in and described with reference to FIG. 1 above, 
and frictionally mounted to the frusto-conical front 
end of the piece 232. If so. the tube 240 would 
need to be connected thereto either just like the 
tube 32 In FIG. 1 or by having the tube's 240 end 
exit from the housing 236 at the front thereof so as 
to connect to the arm 58 of the cannula 14. In this 
event, the cannula 14 is preferably made of metal, 
such as stainless steel. The Illustrated cannula 238 
Is, however, preferably formed with a hollow metal 
needle 244, provided with an aspiration port 246 In 
the front and with a connecting channel 248 in the 
rear, to which the end of the tube 240 is attached. 
A plastic sleeve member 250 is designed to sur- 
round the hollow metal needle 244 so as to form an 
annular channel about the axial length of the nee- 
dle 244. in a fashion similar to that of the cannula 
14, note especially FIG. 8. At Its front end. the 
sleeve member 250 Is provided with a pair of 
irrigation ports 252, whose orientation is similar to 
that of the ports 60 with respect to the port 52 of 
the cannula 14. The forward end of the tube 242 Is 
in turn operatively connected to the annular chan- 
nel formed between the needle 244 and the sur- 
rounding sleeve 250 so as to be In fluid commu- 
nication therewith. Tube 240, Just like the tube 32. 
also is connected to the saline containing bottle 30. 
via the clamp 36 and the filter 38. observe FIG. 6. 
Tube 242, on the other hand, is connected to the 
drive section 234. also shown secured to the sur- 
gical drape 23 adjacent the pouch 21 by means of 
a second clip 235. Preferably, a short chain 237 
connects the clip 235 to one end of the drive 
section 234. 

The drive section 234 Is, for the most part, 
identical to the housing section 13, minus the for- 
ward conical part 15b, of the Instrument 10 shown 
in FIG. 1. As best illustrated In FIG. 3. the drive 
section 234 also is provided with a pressure dif- 
ferential creating means 254, which is a peristaltic 
pump just like the pump 16, and held in place by a 
tube retaining member 255, just like the member 
29. Inside a hollow housing 256, there is an iden- 
tical drive means 258 comprising a D.C. micro 
motor 258a and a gear head 258b driving a shaft 
260. The shaft 260 Is driving ly coupled to the 
peristaltic pump 254, Trie tube 242. emanating 
from the hand-held piece 232, Is trained about the 
peristaltic pump 254 and then is connected to the 
pouch 21, as illustrated in FIG. 5. A power cord 
262 is, In turn, connected to the footpedal control 
means 20. shown in and described with reference 
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to FIG. 2. 



The Embodiments of FIGS. 14, 15 and 18 

In FIGS. 14 and 15, another preferred embodi- 
ment of an ophthalmic asplrator-lrrigator Instrument 
270 constructed In accordance with the present 
invention Is illustrated. The ophthalmic aspirator- 
Irrigator instrument 270 also comprises a hand-held 
device, with a flexible power cord 272 coupling it to 
the control means 20 of FIG. 2. The hand-held 
Instrument 278 also includes a cannula 274, a 
pressure-differential creating means 276 designed 
frictlonaily to engage and hold the cannula 274, 
and drive means 278 releasably connected to the 
pressure-differential creating means 276 by means 
of a ring 280. The source of fluid 30, Illustrated in 
FIG. 6 and containing a saline solution, Is con- 
nected via a flexible tube 282 to the cannula 274. 
The bottle 30 again allows for the gravity-feeding of 
the fluid via the cannula 274 Into the eye. The 
clamp 38 and the appropriate filter 38 preferably 
also are incorporated in the tube 282. Preferably, 
both the cannula 274 and the pressure-differential 
creating means 276 are enclosed in a container 
284 to maintain the same in sterile condition. Fol- 
lowing use. both the cannula 274 and the pressure- 
differential creating means 276 preferably are dis- 
carded. On the other hand, the drive means 278 
and the thereto attached power cord 272, which are 
autoclavable, preferably are sterilized before use. 
Sterilization may be effected In an autoclave, by 
gamma sterilization or by ETO. 

(t is to be again noted that cord 272 is but a 
power cord, carrying but an electrical signal. It is 
not a long tubing connecting the cannula 274 to a 
pump for creating the required negative aspiration 
pressures, as in some prior art devices, which can 
cause fluctuations in the aspiration pressures and 
delays in the use of the instrument. 

The cannula 274 is |ust like the cannula 14 and 
comprises two parts: a hollow cone 286 and a 
needle 288 concentrically extending therefrom. The 
needle 288 is formed with a central channel which 
is in fluid communication with the hollow cone 286 
at one end, and terminates In an aspiration port 
290 located In the front tapered portion of the 
needle 288. An annular channel surrounds the cen- 
tral channel and is in fluid communication with a 
hollow arm 292 at one end, and terminating in a 
pair of Irrigation channels also formed in the ta- 
pered portion of the needle 288 but offset from the 
aspiration port 290 and at right angles thereto, 
similar to the one shown in FIG. 8. The hollow arm 
292 preferably is formed integral with the hollow 
cone 286 of the cannula 274, as by Injection for- 
ming or compression molding a suitable plastic 



material, such as polypropylene, in a suitable mold 
(not shown) in which the needle 288 had been 
inserted previously. Tne needle 288 however pref- 
erably is made of metal, such as stainless steel. Of 

5 course, if desired, the entire cannula 274 also can 
be formed from metal. 

The pressure-differentia! creating means 276, 
whose function is to create a pressure-differential 
within the central channel of the cannula 274, also 

io is preferably formed of a suitable plastic material, 
such as polypropylene or the like, as by Injection 
forming or compression molding in a suitable mold, 
not shown. The pressure-differential created by the 
means 276 also is with respect to ambient and can 

is be either a positive or a negative pressure emanat- 
ing from the aspiration port 290 depending on how 
ft is driven by the drive means 278. The pressure- 
differential ^creating means 276 essentially Is 
formed like a syringe, having a tubular body 294 

20 open at one end 296 and ending in a frusto-conlcal 
shape 298 at the other end. This frusto-conica! 
shape 298 is designed to be frictionally engaged 
by the hollow cone 288 of the cannula 274 when 
the same is releasably secured thereto immedi- 

25 ately prior to the instrument's 270 operative use 
during cataract surgery. 

With the hollow cone 286 of the cannula 274 in 
place over the frusto-conical shaped end 298 of the 
pressure-differential creating means 276, the cen- 

30 tral channel of the cannula 274 is In fluid-commu- 
nication with an inner chamber 300 formed within 
the tubular body 294 via a channel 302, all as may 
be best observed in FIG. 15. A plunger 304 Is 
designed to be axlaily displaced within the cham- 

35 ber 300. The plunger 304 is formed with an axial 
channel 306 to accommodate. an externally thread- 
ed drive shaft 308 designed to rotate, and thus be 
axialiy displaced, within a hexagonal standoff 310 
secured in- the rear end of the plunger 304. A 

40 hexagonal socket 312 is formed in the free end of 
the drive shaft 308. Rotating the drive shaft 308 
clockwise will cause the plunger 304 to travel to- 
ward the rear (to the left in FIG. 15) within the 
tubular body 294. An externally-threaded sleeve 

45 314 Is secured about the rear end 296 of the 
tubular body 294 to prevent the plunger 304 from 
being withdrawn therefrom, the condition shown in 
FIG. 15. A counter-clockwise rotation of the drive 
shaft 308 will now cause the plunger 304 to travel 

so forward ( i.e.,to the right in Fig. 15 ) within the inner 
chamber 300 until the plunger 304 abuts the front 
end of the tubular body 294. 

When the plunger 304 travels forward, it cre- 
ates a positive pressure within the central channel 

55 of the cannula 274, causing whatever may be with- 
in the chamber 300, the channel 302, the control 
channel or the aspiration port 290 (be it air, liquid 
or slurry) to be ejected therefrom via the aspiration 
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port 290. Conversely, when the plunger 304 Is 
caused to travel backward, It creates a negative 
pressure within the central channel of the cannula 
274, causing the cannula 274 to aspirate via the 
aspiration port 290 whatever may be In the vicinity 
of the aspiration port 290. 

The drive means 278 for driving the pressure- 
differential creating means 276 also is simitar to the 
drive means 18 In FIG. 1 and essentially comprises 
a DC micro-motor 316, a gear head 318, and a 
drive shaft 320. Shaft 320 is provided with a hexag- 
onal head 322 designed to fit within and mate with 
the hexagonal socket 312 of the drive shaft 308. 
The motor 316 and its gear head 318 preferably 
are mounted within a suitable plastic tubular hous- 
ing 324. the connecting ring 280, which Is 
internally-threaded, Is rotatably secured about a 
shoulder of a motor-mount 326 and is designed to 
mate with and to be secured about the sleeve 314, 
releasably securing thereby the drive means 278 to 
the pressure-differential creating means 276. Pref- 
erably, the ring 280 is formed of a light metal, such 
as aluminum. 

In FIG. 18, there is illustrated a revised compo- 
nent part 330 for use in the ophthalmic aspirator- 
irrigator Instrument 270 shown in and described 
with reference to FIGS. 14 and 15. With the aid of 
this revised component part 330, the Instrument 
270 aiso is useful In an alternative manner for a 
different kind of operation. This alternative use in- 
volves the controlled injection of a viscous material 
into various parts of the human or animal body. 

As will be noted, part 330 takes the place of 
the pressure-differential creating means 276, I.e., 
the pump. Its forward end of the part 330 prefer- 
ably is a bit longer than that of the part 276, which 
makes the inner chamber of the part 330 cor- 
respondingly longer than is the chamber 300 of the 
part 276. This enlarged chamber of the revised part 
330 Is preloaded with the viscous material. The 
viscous material is maintained In an air tight envi- 
ronment between the plunger 304, which of course 
remains the same, and a plug 332 designed tem- 
porarily to block the channel 302. The plug 332 is 
then broken off by the user before the part 330 Is 
inserted into the cannula 274 immediately prior to 
its operative use. The plug 332 may be formed 
integral with the body of the part 330 or it may be 
inserted into the channel 302 after Its inner cham- 
ber has been filled with the viscous material. 

The viscous material may, of course, comprise 
any suitable material intended to be injected Into 
the various parts of the body and its selection will 
be dictated by the end use thereof. One such 
viscous material comprises a paste made of teflon 
and glycerine, which paste is useful, inter alia , to 
reorient defective vocal cords or to relieve~unnary 
incontinence by injection thereof adjacent to the 



ureter to build resistance to uncontrolled urine flow. 
Other uses will readily suggest themselves to those 
skilled in the art. 

The preloaded revised component part 330 

s also is mated to the same drive means 278 above 
described. This time, however, the plunger 304 will 
be caused to travel in the forward direction only by 
the counter-clockwise rotation of the drive shaft 308 
by the use of the variable speed reflex mode of the 

io foot operated control unit 20. The surgeon-operator 
thus has precise control of the speed and the 
amount of the viscous material that Is Injected by 
the revised instrument into the various parts of the 
human body. Following use, the revised component 

15 part 330 Is conveniently discarded, even in in- 
stances when only a portion of the preloaded vis- 
cous material therein has been used up. 

Thus it has been shown and described an 
ophthalmic aspirator-irrigator Instrument designed 

so for use during cataract surgery, which Instrument 
satisfies the objects and advantages set forth 
above. 

Since certain changes may be made in the 
present disclosure without departing from the 
25 scope of the present Invention, it is intended that 
all matter described in the foregoing specification 
or shown in the accompanying drawings, be inter- 
preted In an illustrative and not in a limiting sense. 

30 

Claims 

1. An ophthalmic aspirator-irrigator (10) comprls- 
35 Ing a hand held device (12) with a cannula (14) 

having an axial channel (50) and a surrounding 
annular channel (56). a source of fluid (30) 
connected via a flexible tube (32) to said an- 
nular channel (56) and a foot-operable control 

40 means (20) for controlling the operation of a 
drive means (18) characterized by a pressure- 
differential creating means (16) connected to 
said axial channel (50) and driven by said drive t 
means (18), said foot-operable control means 

45 (20) provided with a pedal (24), a power source 

(100). a circuit (102) connected to said source 
and a socket (42) coupled to said circuit (102), 
a flexible power cord (22) having a plug (44) 
designed to be connected to said socket (42) 

so lor coupling power from said power source 

(100) to said drive means (18), and a container 
(40(a)(0)) for maintaining said cannula (14) and 
said pressure-differential creating means (16) 
in a sterile condition. 

55 

2. The ophthalmic aspirator-irrigator (10) of claim 
1 wherein said cannula (14) is provided with a 
tapered tip (54). an aspiration port (52) formed 
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in the side of said tapered tip (54) and con- 
necting with said axial channel (50) and at 
least one irrigation opening (60) also formed in 
the side of said tapered tip (54) and at a light 
angle thereto and connecting with said sur- 5 
rounding annular channel (56). 

3. The ophthalmic aspirator-irrigator (10) of ciaim 
1 wherein said hand-held device (12), said 
pressure-differential creating means (16) and to 
said flexible tube (32) are disposable, and 
wherein said pressure differential creating 
means (16) fnctudes a D.C. micro-motor (62), a 
gear head (64) connected to said motor (62), a 
peristaltic pump (16) and a shaft (17) coupling is 
said motor (62) via said gear head (64) to said 
pump (16). 

4. The ophthalmic aspirator-irrigator (10) of claim 

1 wherein said circuit (102) includes dual D.C. 20 
amplifiers (142, 144) and a pulse-width modu- 
lated gate circuit (152) and wherein said circuit 
(102) controls said drive means (18) bidirec- 
tionaily with a smooth, continuous speed con- 
trol effected by an electrical signal generated 25 
by said dual D.C. amplifiers (142, 144), said 
signal coupled to said pulse-width modulated 
gate circuit (152). 

5. The ophthalmic aspirator-irrigator (10) of claim so 

4 further including an audio signal generating 
means (222), wherein said pedal's (22) position 
controls both the direction and the speed of 
said drive means (18) and also the operation of 
said audio signal generating means (222). 35 

6. The ophthalmic aspirator-irrigator (10) of claim 

5 wherein said circuit (102) includes a linear 
motion slide-type potentiometer (104) con- 
trolled by said pedal (24), and wherein said 40 
pedal (24) is In Its normally-off, non-depressed 
position, hence Its gradual depression first ef- 
fects the generation of a gradually decreasing 
positive pressure in said pressure-differential 
creating means (1 6) until about midway 4s 
through Its downward motion, said pedal (24) 
effects a zero output of said pressure-differen- 
tial creating means (16), from where the further 
gradual depression of said pedal (24) effects 

the generation of a gradually increasing nega- 50 
tive pressure in said pressure-differential creat- 
ing means (16) until the farthest depression of 
said pedal (24) maintains a maximum negative 
pressure generated by said Pressure-differen- 
tial creating means (16). 55 

7. The ophthalmic aspirator-irrigator (10) of claim 
1 wherein said power source (100) comprises 



a battery pack (100) and said foot-operable 
control means (20) is portable, and wherein 
said pressure-differential creating means (16) 
Is provided with an externally-threaded sleeve 
(314) and said drive means (18) is provided 
with an Internally-threaded connecting ring 
(280), whereby said drive means (18) is releas- 
ably connected to said pressure-differential 
creating means (18). 

8. The ophthalmic aspirator-irrigator (10) of claim 
4, wherein said circuit (102) controls both the 
speed and the direction of said drive means 
(18) and the operation of said audio signal 
generating means (222) via a single control 
unit (102). 

9. - The ophthalmic aspirator-irrigator (10) of claim 

8 wherein said circuit (102) comprises elec- 
tronic switch means (150) connected to the 
outputs of said DC amplifiers (142, 144), and a 
pulse-width modulated gate circuit (152) coup- 
led to said drive means (18) and via said 
electronic switch means (150) to one of the 
outputs of said DC amplifiers (142, 144). 
whereby the position of said foot pedal (24) 
along Its arc of displacement controls both the 
speed and the direction of said drive means 
(18) and the operation of said audio signal 
generating means (222). 

10. The ophthalmic aspirator-irrigator (10) of claim 
1 further Including a surgical drape (23) draped 
about a patient adjacent a surgical site (27), 
said pressure differentia) creating means (16) 
and said pouch (21) respectively secured to 
said surgical drape (23) via said fastening 
means (25) adjacent said surgical site (27). 

11. The ophthalmic aspirator-irrigator (10) of claim 

9 wherein said foot pedal (24) has two zero 
control positions; first, In its normally-off, non- 
depressed position and, second, in its off posi- 
tion located about midway of the foot pedal's 
downward travel along its said arc of displace- 
ment, and wherein said circuit (102) further 
Includes a comparator network (192, 194) to 
disable said switch means between the output 
of said pulse-width modulated gate circuit 
(152) and said bridge circuit (160) when said 
foot pedal (24) is located about midway along 
said arc of displacement 

12. The ophthalmic aspirator-irrigator (10) of claim 
1 said cannula (14) is releasably secured to 
said pressuredifferentlai creating means (16) 
by a connecting means (66), and wherein the 
ophthalmic aspirator-irrigator (10) also Includes 
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a portable control box (20) for controlling both 
the speed and direction of said drive means 
(18). 

13. The ophthalmic aspirator-lrrigator (10) of claim 
12 wherein said cannula (14) and said 
pressure-differential creating means (16) are 
disposable, said power source (100) comprises 
a battery pack, and wherein said circuit (102) 
further Includes a comparator network {192, 
194) to disable said switch means (156) be- 
tween the output of said pulse width modulated 
gate circuit (152) and said bridge circuit (160) 
when said foot pedal's (24) is located about 
midway along said arc of displacement 

14. The ophthalmic aspirator-lrrigator (10) of claim 
1 wherein said cannula (14) is formed with a 
hollow cone (46) and a concentric needle (48). 
said needle (48) having a central channel (50) 
in communication with said hollow cone (46) at 
one end and terminating in a port (52) at the 
other end and said surrounding annular chan- 
nel (56) terminating in a pair of Irrigation open- 
ings (60) at its free end. 



Revendicatlons 

1. Un aspirateur-irrigateur ophtaimique (10) com- 
prenant un dispositif tenu a la main (12) equl- 
pe* d'une canute (14) ayant un canal axial (50) 
et un canal annulaire (56) entourant le canal 
axial, une source de fluids (30) reliee par un 
tube flexible (32) au canal annulaire (56), et 
des moyens de commando pouvant §tre ac- 
tionnSs au pied (20), pour commander le fonc- 
tionnement de moyens d'entraTnement (18), 
caracteMse par des moyens de creation de 
difference de pression (16) qui sont relies au 
canal axial (50) et sont entrained par les 
moyens d'entraTnement (18). les moyens de 
commands pouvant ette actionnes au pied (20) 
comportant une pedale (24), une source d'aii- 
mentatlon (100), un circuit (102) connects a la 
source et un connecteur fixe (42) connects" au 
circuit (102), un cordon d'alimentation flexible 
(22) portant une fiche (44) pre*vue pour Stre 
connected au connecteur fixe (42), pour tran- 
smettre TSnergie d'alimentation de la source 
d'alimentation (100) aux moyens d'entraihe- 
ment (18), et un bottier (40(a)(b))) pour mainte- 
nir la canule (14) et ies moyens de cnSation de 
difference de pression (16) dans une condition 
steVile. 

2. L'aspirateur-irrigateur ophtaimique (10) de la 
revendication 1, dans lequel la canule (14) 



comporte une pointe de section decroissante 
(54), un orifice d'aspiration (52) qui est forme* 
sur le c8te de la pointe de section decroissan- 
te (54) et qui est relie" au canal axial (50), et au 

5 moins une ouverture d'lnrigation (60) qui est 

egalement forme* dans le c6te* de la pointe de 
section decroissante (54) et dans une direction 
perpendicuiaire a cette demiere, et qui est 
relive au canal annulaire (56) entourant le ca- 

w nal central. 

3. L'aspirateur-irrigateur ophtaimique (10) de la 
revendication 1, dans lequel le dispositif tenu a 
la main (12), les moyens de creation de diffe- 

is rence de pression (16) et le tube flexible (32) 
sont pn5vus pour §tre Jetes apres utilisation, et 
dans lequel les moyens de creation de diffe- 
rence de pression (16) comprennent un micrc- 
moteur"a courant continu (62), un train d'en- 

20 grenages (64) qui est accoupie au moteur (62), 
une pompe peristaJtique (16) et un axe (17) qui 
accoupie le moteur (62) a la pompe (16), par 
I'intermediaire du train d'engrenages (64). 

25 4. L'aspirateur-irrigateur ophtaimique (10) de la 
revendication 1, dans lequel le circuit (102) 
comprend deux ampiificateurs a. courant conti- 
nu (142, 144) et un circuit de porte a modula- 
tion d'impulsions en largeur (52), et dans le- 

30 quel le circuit prScite (102) commando les 
moyens d'entraihement (18) de fagon bidirec- 
tionnelie, en accomplissant une commando de 
Vitesse continue et progressive au moyen d'un 
signal electrique qui est produit par les deux 

35 ampiificateurs a. courant continu (142. 144), ce 
signal etant applique au circuit de portes a 
modulation d'impulsions en largeur (152). 

5. L'aspirateur-irrigateur ophtaimique (10) de la 
40 revendication 4, comprenant en outre des 

moyens de generation de signal audio (222), 
dans lequel la position de la pedale (22) com- 
mands a la fois la direction et la vitesse des 
moyens d'entraihement (18), ainsl que le fonc- 
45 tlonnement des moyens de generation de si- 
gnal audio (222). 

6. L'irrigateur-aspirateur ophtaimique (10) de la 
revendication 5, dans lequel le circuit (102) 

so comprend un potentiometre du type glissant a 

mouvement lineaire (104), commande par la 
pedale (24), et dans lequel la pedale (24) est 
dans une position de repos Inactive, non en- 
foncee, grace a quo! son enfoncement pro- 

55 gressif genere tout d'abord une pression posi- 
'tive diminuant progressivement dans les 
moyens de creation de difference de pression 
(16), jusqu'a ce que la pedale arrive approxi- 

11 
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mativernent a mi-course de son mouvement 
descendant la pddale (24) falsant alors appa- 
rallre une grandeur de sortie de zero pour les 
moyens de creation de difference de pression 
(16), et ensuite renfoncement progressif uite- 
rieur de la pedaie (24) provoquant la gSn^ra- 
tlon d'une pression negative croissant progres- 
sivement dans les moyens de creation de dif- 
ference de pression (16), jusqu'a ce que Pen- 
foncement complet de la pedaie (24) maintien- 
ne la generation d'une pression negative maxi- 
male par ies moyens de creation de difference 
de pression (16). 

7. L'aspirateur-irrigateur ophtaimique (10) de la 
revendication 1, dans lequel la source d f ali- 
mentation (100) comprend une batterie (100), 
et tes moyens de commando pouvant §tre 
actionn^s au pied (20) sont portables, et dans 
lequel les moyens de creation de difference de 
pression (16) comportent une douille filetee 
exterieurement (314). et les moyens d'entrat- 
nement (18) comportent une bague d'accou- 
plement filetee interieurement (280), grace a 
quoi les moyens d'entralhement (18) sont ac- 
couple's de fagon libeVable aux moyens de 
creation de difference de pression (16). 

8. L'asplrateur-irrigateur ophtaimique (10) de la 
revendication 4, dans lequel te circuit (102) 
commands a la fois la vltesse et la direction 
des moyens d'entratnement (18), ainsi que le 
fonctionnement des moyens de generation de 
signal audio (222) a I'aide d'une seule unite* de 
commando (102). 

9. L'aspirateur-irrigateur ophtaimique (10) de la 
revendication 8, dans lequel te circuit (102) 
comprend des moyens de commutation 6lec- 
troniques (150) qui sont connected aux sorties 
des ampiificateurs a courant continu (142, 
144), et un circuit de portes a modulation 
d'impulsions en largeur (152) qui est connecte* 
aux moyens d'entralhement (18), et par Pinter- 
m^diatre des moyens de commutation electro- 
niques (150) a Tune des sorties des ampiifica- 
teurs a courant continu (142, 144), grace a 
quoi la position de la pedaie (124) sur son arc 
de deplacement commande & la fois la vitesse 
et ia direction des moyens d'entratnement 
(18), ainsi que le fonctionnement des moyens 
de generation de signal audio (222). 

10. L'asplrateur-irrigateur ophtaimique (10) de la 
revendication 1. comprenant en outre un drap 
chirurgical (23) place" autour d'un patient dans 
une position adjacente a un emplacement 
d'operation chirurgicale (27). et les moyens de 



creation de difference de pression (16) et une 
poche (21) sont respectivement fixes au drap 
chirurgical (23) a I'aide de moyens de fixation 
(25) en position adjacente a ('emplacement 
s d'une operation chirurgicale (27). 

11. L'aspirateur-irrigateur ophtaimique (10) de la 
revendication 9. dans Sequel la pedaie (24) 
comporte deux positions de commande de 

w ze>o : premierement, dans sa position de re- 
pos inactive, non enfoncee, et secondement 
dans sa position d'arr§t situ^e approximative- 
ment a mt-chemfn de la course descendante 
de la pedaie le long de Tare de deplacement, 

75 et dans lequel le circuit (102) comprend en 
outre un reseau comparateur (192, 194) qui est 
concu pour Invaiider les moyens de commuta- 
tion qui se trouvent entre la sortie du circuit de 
portes a modulation d'impulsions en largeur 

20 (152) et le circuit en pont (160) lorsque la 
p^dale (24) se trouve approximativement a mi- 
course le long de Tare de deplacement. 

12. L'aspirateur-irrigateur ophtaimique (10) de la 
25 revendication 1, dans lequel la canule (14) est 

fixee de fagon amovible aux moyens de crea- 
tion de difference de pression (16) par un 
raccord (66). et dans lequel l'aspirateur-irriga- 
teur ophtaimique (10) comprend egalement 
30 une bofte de commande portable (20) pour 
commander a la fois la vitesse et la direction 
des moyens d'entralhement (18). 

13. L'aspirateur-irrigateur ophtaimique (10) de la 
35 revendication 12, dans lequel la canule (14) et 

les moyens de creation de difference de pres- 
sion (16) sont pr6vus pour §tre jetes apres 
utilisation, la source d'alimentation (100) 
consiste en une batterie, et dans lequel le 

40 circuit (102) comprend en outre un reseau 
comparateur (192, 194) qui est concu pour 
invaiider les moyens de commutation (156) 
entre la sortie du circuit de porte a modulation 
d'impulsions en largeur (152) et le circuit en 

45 pont (160), lorsque la pedaie (24) se trouve 

approximativement a micourse le long de Tare 
de deplacement. 

14. L'aspirateur-irrigateur ophtaimique (10) de la 
so revendication 1, dans lequel la canule (14) 

presente un c8ne creux (46) et une aiguille 
concentrique (48). cette aiguille (48) ayant un 
canal central (50) en communication avec le 
c6ne creux (46> a une extremity, et se terml- 
55 nant par un orifice (52) a I'autre extr^mitS, et le 
canal annulaire (56) qui entoure le canal cen- 
tral se termlnant a son extremite libre par une 
paire d'orifices d'irrigation (60). 
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AnsprUche 

1. Ophtafmischer Aspirator-Irrigator (10) mit ei- 
nem HandstOck (12) mit einer KanOle (14). die 
einen axialen Kanal (50) und einen diesen urn- 6 
gebenden rlngfBrmigen Kanal (56) umfaflt mit 
einer Fluidquelle (30), die Uber eine flexible 
Rohrleitung (32) mit dem ringf6rnigen Kanal 
(56) verbunden 1st und mit einer mit dem FuB 
betatigbaren Steuereinrichtung (20) fUr die 10 
Steuerung der Funktlonen einer Antriebsvor- 
richtung (18), dadurch gekennzelchnet, 6aB 

ein mit dem axialen Kanal (50) verbundener 
und von der Antriebsvorrichtung (18) angetrie- 
bener Druckdifferenz-Erzeuger (16) vorgese- is 
hen 1st, und dai die mit dem Fufl betatigbare 
Steuereinrichtung (20) folgende Teile aufweist: 
ein Pedal (24), eine Stromversorgungsquelle 
(100). eine mit der Stromversorgungsquelle 
verbundene Schaitung (102) und eine mit die- 20 
ser verbundene Steckbuchse (42). eine flexible 
Strom versorgungsleitung (22) mit einem Stek- 
ker (44), der mit der Steckbuchse (42) verblnd- 
bar ist, urn elektrische Energie von der Strom- 
versorgungsquelle (100) zu der Antriebsvor- 55 
richtung (18) zu Ubertragen, und einen Behal- 
ter (40(a)(b)) zur Aufbewahrung der KanOle 
(14) und des Druckdifferenz-Erzeugers (16) un- 
ter sterilen Bedingungen. 

30 

2. Ophtalmlscher Aspirator-Irrigator (10) nach An- 
spruch 1. bei dem die KanOle (14) eine kegeD- 
ge Spitze (54). eine in der Seitenwand dieser 
kegeligen Spitze (54) ausgebildete und mit 
dem axialen Kanal (50) verbundene Ansaugflff- 35 
nung (52) und wenigstens eine Irrlgationsdff- 
nung (60) aufweist. die ebenfails In der Seiten- 
wand der kegeligen Spitze (54) rechtwinklig zu 
dieser ausgebildet 1st und mit den umgeben- 

den ringformigen Kanal (56) In Verblndung 40 
steht. 

3. Ophtalmlscher Aspirator-Irrigator (10) nach An- 
spruch 1, bel dem das HandstOck (12), der 
Druckdifferenz-Erzeuger (16) und die flexible 45 
Rohrleitung (32) Einwegartlkel sind und bel 
dem der Druckdifferenz-Erzeuger (16) einen 
Gleichstrom-Mikromotor (62). einen mit dlesem 
verbundenen Getriebekopf (64), eine peristaltl- 
sche Pumpe (16) und eine Welle (17) aufweist, so 
die den Motor (62) Uber den Getriebekopf (64) 

mit der Pumpe (16) verblndet. 

4. Ophtalmlscher Aspirator-Irrigator (10) nach An- 
spruch 1. bei dem die Schaitung (102) Doppel- 55 
GleichspannungsverstSrker (142, 144) und eine 
pulsbreitenmodulierte Torschaltung (152) um- 
faflt und bel dem die Schaitung (102) die An- 



triebsvorrichtung (18) bidlrektional mit weicher, 
kontinuierllcher Geschwindlgkeitssteuerung 
steuert. wobei dlese Geschwindlgkeitssteue- 
rung durch ein elektrisches Signal erfolgt. das 
von dem DoppelGleichspannungsverstSrker 
(142. 144) erzeugt und der pulsbreitenmodu- 
llerten Torschaltung (152) zugefUhrt wird. 

5. Ophtalmischer Aspirator-Irrigator (10) nach An- 
spruch 4, ferner mit einer Etnrichtung (222) zur 
Erzeugung eines Tonsignals, wobel sowohl die 
Richtung als auch die Geschwlndigkeit der An- 
triebsvorrichtung (18) sowie die Funktion der 
Einrichtung (222) zur Erzeugung des Tonsl- 
gnals durch die Position des Pedals (22) steu- 
erbar sind. 

6. Ophtalmischer Aspirator-Irrigator (10) nach An- 
spruch 5, bei dem die Schaitung (102) ein 
lineares Potentiometer (104) enthSlt. das durch 
das Pedal (24) steuerbar ist. wobei das Pedal 
(24) sich zunachst in seinem nlcht ntederge- 
drUckten Ruhezustand befindet. dann bel sei- 
nem allmShllchen NiederdrOcken zunachst die 
Erzeugung eines allmShlich kleiner werdenden 
positiven Drucks In dem Druckdifferenz-Erzeu- 
ger (16) veranlaflt, bis etwa in der Mitte seiner 
AbwSrtsbewegung ein Null-Ausgang des 
Druckdifferenz-Erzeugers (16) erzeugt wird, 
und von dort aus durch das allmahliche weite- 
re NiederdrOcken Pedals (24) die Erzeugung 
eines allmShlich ansteigenden negativen 
Drucks in dem Druckdifferenz-Erzeuger (16) 
veranlafit wird, bis schliefllich bei ganz nieder- 
.gedrucktem Pedal die Erzeugung eines maxi- 
malen negativen Druckes In den Druckdiffe- 
renzErzeuger (16) beibehalten bleibt. 

7. Ophtalmischer Aspirator-Irrigator (10) nach An- 
spruch 1. bei dem die Stromversorgungsquelle 
(100) ein Batteriepack (100) enthMIt und die mit 
dem Fufl betatigbare Steuereinrichtung (20) 
eine tragbare Einrichtung ist, wobei der 
Druckdifferenz-Erzeuger (16) eine HUlse (314) 
mit AuCengewinde und die Antriebsvorrichtung 
(18) einen Kupplungsring (280) mit Innenge- 
winde aufweist, so dafl die Antriebsvorrichtung 
(18) IQsbar mit dem Druckdifferenz-Erzeuger 
(16) verbindbar ist. 

a Ophtalmischer Aspirator-Irrigator (10) nach An- 
spruch 4, bei dem die Schaitung (102) Ober 
eine einzige Steuereinhelt (102) sowohl die 
Geschwlndigkeit als auch die Richtung der An- 
triebsvorrichtung (18) sowie die Beta*tigung der 
Einrichtung (222) zur Erzeugung des Tonsl- 
gnals steuert 
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9. Ophtalmischer Aspirator-lrrigator (10) nach An- 
spruch 8, bei dem die Schaitung (102) mlt den 
AusgSngen der Gleichspannungsverstarker 
(142, 144) verbundene elektronische Schaltmit- 
tel (150) sowte eine pulsbreitenmodullerta Tor- 
schaitung (152) aufweist, die mit der Antriebs- 
vorrichtung (18) und Ober die elektronlschen 
Schaltmittel (150) mit einem der AusgSnge der 
Gleichspannungsverstarker (142, 144) so ver- 
bunden ist, dai durch die jeweitige Position 
des Pedals (24) auf seiner bogenformigen Be* 
wegungsbahn sowohl die Geschwindigkeit als 
auch die Richtung der Antriebsvorrichtung (18) 
und die Betatigung der Elnrichtung (222) zur 
Erzeugung des Tonsignais gesteuert wird. 

10. Ophtalmischer Aspirator-lrrigator (10) nach An- 
spruch 1, mit einem Operationstuch (23) , das 
an einem Patienten im Bereich des 
Operationsfeldes (27) angeordnet wird. wobei 
der Druckdffferenz-Erzeuger (16) bzw. eine Ta- 
sche (21) in der NShe des Operationsfeldes 
(27) mit Hllfe von BefestJgungsmitteln (25) an 
dem Operationstuch (23) Defestigt sind. 

11. Ophtalmischer Aspirator-lrrigator (10) nach An- 
spruch 9, bel dem das Pedal (24) zwel Nuil- 
stellungen hat, nSmiich eine erste in seinem 
niedergedrilckten Ruhezustand und eine zwel- 
te in seiner etwa in der Mitte seiner bogenfor- 
migen Bewegungsbahn llegenden AUS-Steh 
lung, und bei dem die Schaitung (102) ferner 
eine Komparatoranordnung (192,194) aufweist, 
durch die die zwischen dem Ausgang der puts- 
breitenmodulierten Torschaltung (152) und der 
BrUckenschaJtung (160) angeordneten Schalt- 
mittel gesperrt werden. wenn das Pedal (24) 
sich etwa In der Mitte seiner bogenfQrmigen 
Bewegungsbahn beflndet 

12. Ophtalmischer Aspirator-lrrigator (10) nach An- 
spruch 1, bet dem die KanQle (14) durch eine 
Verbindungsvorrichtung (66) ISsbar mit dem 
Druckdifferenz-Erzeuger (16) verbunden 1st 
und eine tragbare Steuerbox (20) zur Steue- 
rung sowohi der Geschwindigkeit als auch der 
Richtung der Antriebsvorrichtung (18) vorgese- 
hen ist 

13. Ophtalmischer Aspirator-lrrigator (10) nach An- 
spruch 12, bei dem die KanOle (14) und der 
Druckdifferenz-Erzeuger (16) Bnwegartikel 
sind und die Stromversorgungsquelle (100) ein 
Batteriepack enMtt und bei dem die Schai- 
tung (102) ferner eine Komparatoranordnung 
(192.194) aufweist, durch die die zwischen 
dem Ausgang der pulsbreltenmoduilerten Tor- 
schaltung (152) und der BrUckenschaltung 



(160) angeordneten Schaltmittel gesperrt wer- 
den, wenn das Pedal (24) sich etwa in der 
Mitte seiner bogenfdrmigen Bewegungsbahn 
befindet 

5 

14. Ophtalmischer Aspirator-lrrigator (10) nach An- 
spruch 1, bei dem die KanOle (14) mit einem 
Kohlkonus (46) und einer konzentrischen Nadel 
(48) ausgebildet ist, wobei die Nadel (48) einen 

70 zentralen Kanal (48) besitzt, der an einem 
-Ende mit dem Hohlkonus (46) In Verblndung 
steht und mit dem anderen Ende in einer 5ff- 
nung (52) mOndet, und wobei der umgebende 
ringformige Kanal (56) mit seinem freien Ende 

is in zwei IrrigationsSffnungen (60) mUndet. 
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